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We report on a 57-year-old man with atrial tachycardia mimicking inappropriate sinus
tachycardia that was sustained for 4 months despite pharmacotherapy. Using a noncontact
mapping system (EnSite Array), the atrial earliest activation (EA) site was identiﬁed during
tachycardia. By infusing the 1 antagonist landiolol and the 1 agonist isoproterenol, we
varied his heart rate from 110 to 155 beats per minute. As his heart rate increased, the EA site
moved from the top of the right atrial septum near the crista terminalis to the right atrial
appendage (RAA). Tachycardia was terminated by multiple applications of radiofrequency
catheter ablation to the RAA. Because the EA site of the sinus rhythm was distant from the
ablation points, the tachycardia was diagnosed as persistent atrial tachycardia with multiple
foci in a broad area around the RAA. On 12-lead electrocardiogram, the P-wave morphology
in leads V1 and V2 changed from negative to positive upon termination of tachycardia.
(J Arrhythmia 2011; 27: 214–219)
Key words:
Atrial tachyarrhythmia, Noncontact mapping, Radiofrequency ablation, Electrocardiogram,
P-wave morphology
Introduction
Persistent atrial tachycardia (AT) originating from
the right atrial appendage (RAA) is not common.1–4)
AT from the upper part of the crista terminalis (CT) is
sometimes diﬃcult to distinguish from sinus tachy-
cardia.5) The endocardial earliest activation (EA) of
inappropriate sinus tachycardia is known to shift
upward as heart rate increases.5,6) Here, we report on
a patient with persistent AT that mimicked inappro-
priate sinus tachycardia. In this patient, EA moved
from the top of CT to the RAA when the heart rate
increased with administration of the 1 agonist
isoproterenol. By using a noncontact mapping
(NCM) system, we could successfully ablate this AT.
Case Report
A 57-year-old male was referred to our institution
for persistent palpitation and easy fatigability that
had lasted for 4 months. He had persistent narrow
QRS tachycardia that was resistant to several anti-
arrhythmic medications including verapamil, ateno-
lol, bisoprolol and pilsicainide. On arrival at our
clinic, a 12-lead electrocardiogram (ECG) showed
narrow QRS tachycardia with a P-wave of 133 beats
per minute (bpm) (Figure 1A). During physical
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examination, his pulse rate gradually decreased to
112 bpm and the ECG showed narrow QRS tachy-
cardia with an obvious P-wave. The P-wave mor-
phology seemed to be consistent with a sinus node
origin (Figure 1B). Although his pulse rate was high,
his chest X-ray ﬁndings, blood examination and
echocardiogram were normal. His left ventricular
ejection fraction was 60%. Twenty-four-hour Holter
monitoring showed minimum, maximum and mean
heart rates of 90, 141 and 118 bpm, respectively, and
his tachycardia was persistent at night. An intra-
venous bolus injection of adenosine (13mg) was
ineﬀective for terminating his tachycardia. At this
time, we diagnosed his tachycardia as inappropriate
sinus tachycardia or persistent AT arising from near
the sinus node. He was easily fatigued during daily
life activities because of palpitation. He could not
complete stage 1 on the standard Bruce treadmill
protocol, corresponding to New York Heart Associ-
ation class 3.
An electrophysiological study was performed in
the fasting state after written informed consent
was obtained. All anti-arrhythmic medications were
discontinued for 4 days. A 5-Fr 5-pole electrode
catheter (EP star: Japan Lifeline, Tokyo, Japan) was
inserted from the left femoral vein and positioned
in the bundle of His potential recoding site. A 6-Fr
20-pole electrode catheter (Response: NihonKohden,
Tokyo, Japan) was introduced from the right internal
jugular vein and positioned along the lateral right
atrium (RA) and in the coronary sinus. Because his
tachycardia was thought to originate from near the
sinus node region, a multielectrode array used with
the NCM system (EnSite Array: St. Jude Medical,
St. Paul, MN, USA) was introduced into the mid RA
via the left femoral vein. The center of the multi-
electrode array was located within 4 cm of the area
of interest to record a virtual unipolar electrogram2,7)
(Figure 2). An 8-Fr SR0-type (St. Jude Medical) long
sheath was introduced from the right femoral vein
into the RA and a 7-Fr 4-mm-tip ablation catheter
(IBI Therapy: St. Jude Medical) was used to draw
the RA geometry. After the insertion of catheters,
heparin was administered intravenously at a dose
of 3000 units. Electrical stimulation was per-
formed using a digital stimulator (SEC-4103:
NihonKohden).
The patient’s clinical tachycardia was sustained
during the electrophysiological study. Intracardiac
ECG showed that atrial activation of the lateral RA
was faster than that of the bundle of His and the
coronary sinus, indicating that the tachycardia
originated in the RA (Figure 2). Burst atrial pacing
(160 bpm) revealed Wenckebach AH block, which
did not terminate the tachycardia. On NCM, the EA
site of tachycardia, which was deﬁned as the earliest
site showing a single spot on the isopotential map
and a QS pattern on the noncontact unipolar electro-
gram, was located near the upper portion of the crista
terminalis (CT), which was deﬁned as the longitu-
dinal continuous double potentials during tachy-
cardia. Special care was taken to distinguish P waves
from the preceding far-ﬁeld T waves. Because his
tachycardia was suspected to be inappropriate sinus
tachycardia, we considered ablating an area of
the sinus node, rather than a discrete focus.5,6) To
minimize the risk for sick sinus syndrome, our
strategy was to ablate the limited EA site responsible
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Figure 1 Twelve-lead ECG on arrival (A:
133 bpm) and during physical examination
(B: 112 bpm).
The P-wave became obvious as the heart rate
spontaneously decreased from 133 bpm to 112
bpm. (B) The P-wave was positive in leads II, III
and aVF, positive or isoelectric in the lateral
limb leads, and biphasic in V1, which seemed to
be consistent with sinus node origin.
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for the faster heart rate and leave an EA site resulting
in a slower heart rate untouched. For this reason,
isoproterenol and landiolol were infused to vary his
heart rate. Isoproterenol was started at 1.2 mg intra-
venously and infused at 0.2 mg/min resulting in a
heart rate increase from 120 bpm to 155 bpm. As his
heart rate increased, the EA site moved from the
RA septum near the top of the CT to the RAA
(Figure 3A). Landiolol (8.75mg) was slowly infused
for 1 minute followed by infusion from 0.7 to
2.8mg/min. Even though the maximum dose of
landiolol was infused, his heart rate did not decrease
below 110 bpm and the EA site migrated to near the
top of the CT (Figure 3A). Radiofrequency catheter
ablation (RFCA) (20 to 30W, 50 C) was applied in
the temperature controlled mode with the target
being each atrial EA site around the base of RAA
(Figure 2). The duration of each RF application was
30 seconds. During the 7th RFCA application, his
heart rate suddenly decreased from 120 to 100 bpm,
and the atrial EA site moved to the junction of the
RA and the superior vena cava, corresponding to the
sinus node region. Since clinical tachycardia recur-
red soon after and the EA site reverted to the RAA,
further RFCA applications were performed. RFCA
to each EA site decreased the rate of P-waves of
tachycardia and transiently terminated the tachy-
cardia, although the tachycardia immediately recur-
red with a warm-up phenomenon after each RFCA
application. The SR0 was replaced with an Agilis
deﬂectable sheath (St. Jude Medical) to improve the
tip-to-tissue contact force. The patient’s clinical
tachycardia was eventually terminated after the 32nd
ablation. Isoproterenol was infused again and the
sinus rhythm rate increased from 80 bpm to 155 bpm.
On NCM, the EA site for sinus rhythm was clearly
Figure 2
Upper panels: Surface (I, aVF, V1) and intracardiac (LRA, red; CS, green; His, yellow) ECGs, bipolar (white) and unipolar
(yellow) electrograms of the ABL, and virtual unipolar electrograms (brown) located between the CT and RAA. Upper left:
Recordings before successful RFCA. The heart rate was 158 bpm. The atrial activation potential of the ABL preceded the P-wave
by 22msec. The unipolar electrogram of the ABL and atrial virtual unipolar electrograms showed QS pattern. Upper right:
Recordings after successful RFCA. The heart rate decreased to 78 bpm. The atrial virtual unipolar electrogram showed an
upward shift, indicating the change in atrial activation sequence as shown in the LRA. Lower panels: Successful ablation site
shown by ﬂuoroscopic right atrial imaging. The ABL was located at the base of the RAA.
LRA: lateral right atrium, CS: coronary sinus, ABL: ablation catheter, CT: crista terminalis, RAA: right atrial appendage, RFCA:
radiofrequency catheter ablation, MEA: multielectrode array balloon catheter of EnSite system, RAO: right anterior oblique
view, LAO: left anterior oblique view
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diﬀerent from the RFCA sites (Figure 3B). Finally,
his clinical tachycardia was diagnosed as sustained
AT originating from a broad area around the RAA,
not as inappropriate sinus tachycardia. After the
procedure, his AT was completely abolished. The
patient’s exercise tolerance improved dramatically
and he was able to complete stage 3 on the standard
Bruce treadmill protocol. On 12-lead ECG, the P-
wave morphology of AT of 133 bpm was negative in
leads V1 and V2. The P-wave of AT of 112 bpm was
positive–negative biphasic in lead V1 and was
negative in lead V2, while the positive component
of the P-wave became dominant in all precordial
leads in sinus rhythm (Figure 4). So far, he has been
free from tachyarrhythmia for 6 months without
pharmacotherapy.
Discussion
In this report, we have described a patient with
sustained AT mimicking inappropriate sinus tachy-
cardia that was successfully ablated with the assis-
tance of NCM. NCM can visualize the beat-to-beat
atrial EA site of atrial tachyarrhythmia with trig-
gered activity or enhanced automaticity.2,7) Applying
RF to the atrial EA site can eliminate AT, but
application of RF near the sinus node may result in
sick sinus syndrome.8) In the present case, we used
NCM and infused isoproterenol and landiolol to vary
the heart rate, and found that the beat-to-beat atrial
EA site shifted from near the top of the CT to the
RAA at faster rates. Accordingly, we diagnosed his
tachycardia as sustained AT and ultimately termi-
nated the tachycardia by RFCA of a broad area
around the RAA. As far as we know, this is the ﬁrst
report of sustained AT with multiple foci in a broad
area around the RAA.
Inappropriate sinus tachycardia is a clinical
syndrome with a relative or absolute increase in
the sinus rate that is out of proportion to the
Figure 3 Earliest atrial activation (EA)
sites for each heart rate induced by landiolol
or isoproterenol.
(A) Before RFCA. As the heart rate increased,
the EA site moved from the upper portion of the
CT to the RAA. When the heart rate was
150 bpm, the EA was located at the body of the
RAA. (B) After RFCA. The EA site for sinus
rhythm was distinct from the ablation sites
(brown dots). The EA site shifted upward as
faster heart rate.
RFCA: radiofrequency catheter ablation, CT:
crista terminalis, RAA: right atrial appendage,
SVC: superior vena cava
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physiologic need.5) The following observations are
consistent with the diagnosis of inappropriate sinus
tachycardia. 1) On surface ECG, the P-wave mor-
phology during tachycardia is nearly identical to that
during sinus rhythm. 2) On 24-hour Holter monitor-
ing, the mean heart rate and the daytime resting heart
rate exceed 95 bpm. 3) During mapping, the EA site
is near the sinus node area along the CT and the
atrial depolarization sequence is usually craniocau-
dal along the CT. During heart rate changes, the EA
site shifts up to the CT at faster rates and down from
the CT at slower rates. 4) Other atrial tachyarrhyth-
mias, including AT, should be ruled out.5,6) In the
present case, the tachycardia was sustained for 4
months, P-wave morphology at rest seemed to be
identical to that of sinus rhythm, and the mean heart
rate exceeded 100 bpm on 24-hour Holter monitor-
ing. In the electrophysiological study, rapid atrial
pacing could not terminate tachycardia. The EA site
for the slower heart rates induced by landiolol was
near the top of the CT, which is close to the sinus
node region. However, as the heart rate was increas-
ed by isoproterenol, the EA site did not shift up
along the CT but rather shifted to the RAA, which is
removed from the sinus node region.
The RAA is an uncommon site of origin for focal
AT which is reported with the range of 0.6% to
8%.1–4) AT originating from the RAA represents
speciﬁc clinical characteristics.1,4) It has been re-
ported to be more prevalent in younger male
patients, and is more frequently incessant and
symptomatic compared with other ATs. Many
patients also present with tachycardia-induced left
ventricular systolic dysfunction and dyspnea. In the
present case, the AT was sustained for 4 months, was
resistant to several anti-arrhythmic medications, and
the patient reported he was easily fatigued. Fortu-
nately, his ventricular systolic function remained
within the normal range.
Although applying RF to a focal AT arising from
the RAA is associated with a high success rate, it is
sometimes diﬃcult to perform because the insertion
of the catheter may be hampered by anatomical
structures such as the pectinate musculature or an
inability to achieve suﬃcient power because of a
high interface temperature because of a limited
cooling eﬀect from blood ﬂow in the RAA.1,4,9–11) To
eliminate AT, we needed to perform multiple RF
applications to a broad area around the RAA. We
think this is due to multiple AT foci responsible for
various heart rates. Inappropriate ablation catheter
contact to the endocardium, inadequate mapping, or
epicardial origin distant to EA might be other causes.
It has been suggested that an irrigation catheter is
needed for such cases,1,4) but at the time this patient
was treated such a device was not available in Japan.
Tang et al ﬁrst described the use of a P-wave
conﬁguration during AT to predict the site of
origin.12) They found that a positive P-wave in lead
V1 predicted left atrial foci and a positive or biphasic
deﬂection in lead aVL predicted right atrial foci. In
the present case, the P-wave in lead V1 was negative
or biphasic and lead aVL was biphasic, predicting a
right atrial focus. Kisler et al evaluated the P-wave
morphology in 130 focal ATs and proposed an
algorithm that prospectively identiﬁed the origin of
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Figure 4
(A) A 12-lead electrocardiogram before dis-
charge showed a sinus rhythm. The heart rate
was 70 bpm. The P-wave was biphasic in V1 and
positive in V2 to V6. (B) P-wave morphology
in the precordial leads on arrival (left, AT,
133 bpm), during physical examination (middle,
AT, 112 bpm), and before discharge (right, sinus
rhythm, 70 bpm). The positive component of the
P-wave in V1 and V2 became dominant as the
heart rate decreased.
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the AT in 93% of patients.3) They reported that the
P-wave morphology in lead V1 was the most useful
factor to identify the likely anatomic origin of focal
AT. They identiﬁed that a negative or biphasic
(positive, then negative) P-wave in lead V1 was
associated with a 100% speciﬁcity and positive
predictive value for AT arising from the RA. In our
patient, the P-wave morphology in lead V1 of the AT
at 133 bpm was negative and was biphasic for an AT
of 112 bpm (Figures 1 and 4). According to their
P-wave algorithm (Figure 6 in Ref. 3), the origin of
an AT of 133 bpm was predicted as being the RAA
and the origin of an AT of 112 bpm was predicted as
being CT. This algorithm was consistent with our
NCM ﬁndings in that the EA site of an AT of
130 bpm was at the base of the RAA and the EA site
of an AT of 110 bpm was near the top of the CT
(Figure 3).
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